Background Chronic hepatitis C is an important public health concern. Recently launched drugs to treat hepatitis C virus (HCV) infection are effective but costly. Uptake of innovative and expensive prescription drugs may not be even across patient groups. We examined racial-ethnic disparities in uptake of new HCV drugs in the first year of their use (year 2014) in Medicare. Methods The study population was Medicare beneficiaries who had chronic hepatitis C in 2013 or 2014 and who were continuously enrolled in Part D stand-alone Prescription Drug Plans in 2014. We examined trends in monthly uptake of new HCV drugs and adjusted annual uptake rates by race. We used logistic regressions to obtain adjusted odds ratios and adjusted differences in annual uptake rates. Results Monthly uptake of new HCV drugs was lower among Black Medicare patients than Whites or Hispanics in 2014. The racial gap in monthly uptake became narrower toward the end of the year. Adjusted odds of using new HCV drugs were 11% lower for Blacks with cirrhosis than Whites (odds ratio (OR) = 0.89; 95% confidence interval (CI), 0.84-0.95), and 16% lower for Blacks with HCV/HIV coinfection than Whites (OR = 0.81; 95% CI, 0.72-0.92). Annual uptake rates were not significantly different for Whites and Hispanics. Conclusions Black Medicare patients with cirrhosis or HCV/ HIV coinfection had lower uptake rates than Whites in 2014. As utilization of new HCV drugs increases, continuing efforts will be necessary to ensure equal delivery of the drugs.
Introduction
Chronic hepatitis C is an important public health concern. It is a cause of serious and costly liver diseases such as cirrhosis or liver cancer. Hepatitis C virus (HCV) causes more deaths in the USA than any other infectious disease including HIV/ AIDS [1] . More than 3 million Americans are infected with HCV, and its prevalence is concentrated among baby boomers who were born between 1945 and 1965 [2] . Hospitalizations and costs related to chronic hepatitis C and liver diseases have been increasing during the past decade [3] .
Recently launched drugs-the second degeneration of direct-acting antivirals-have brought an unprecedented opportunity to treat HCV infection. Those new HCV drugs are highly effective, curing HCV infection in over 90% of patients in randomized clinical trials [4, 5] . Further, their features of easy use (oral administration once daily) and a short therapy period (12 weeks) have improved adherence to the treatment compared with traditional HCV treatments [6] . Prior to the launch of the new HCV drugs, conventional interferonbased HCV treatments caused side effects such as flu-like symptoms. Further, they required 24-48 weeks of treatment, leading to high discontinuation rates [6] .
However, the prices of the new HCV drugs are very high. The first new HCV drug, sofosbuvir (Sovaldi), introduced in December 2013, has a list price of $1000 per pill ($84,000 for a course of treatment). The second drug, lediparsir/sofosbuvir (Harvoni), launched in October 2014, costs $94,500 for a course of treatment.
Literature has shown that use of innovative and/or expensive medical technologies is uneven across patient groups [7, 8] .
Especially, recent studies of novel but costly cancer drugs reported that racial minority patients were less likely to use those drugs than non-minority patients [9, 10] . Prior work documented racial variation in receipt of traditional interferon-based HCV treatments, with lower rates of utilization for Blacks than for Whites, but medical factors explained some of that difference [10] . Blacks are less responsive to interferon-based HCV therapies [11, 12] ; Blacks also have higher rates of comorbidities that make them ineligible for interferon-based therapy [13] [14] [15] . Because new HCV drugs do not necessarily require concurrent interferon therapy and they were equally efficacious for Blacks and non-Blacks (Whites, Asians, and others) in clinical trials, it was expected that new HCV drugs would narrow racial gaps in receipt of HCV treatment [11] . However, a recent study reported the presence of racial disparities in receipt of new HCV drugs among patients who received care at Veterans Affairs (VA) facilities nationwide [16] .
We compared the uptake of new HCV drugs by race in the Medicare program during the first year the drugs were available (2014). We examined the racial disparities in uptake of new HCV drugs by two risk factors: presence of cirrhosis and HCV/HIV coinfection. Patients with cirrhosis are the highest priority group for new HCV treatments [17, 18] . HCV/HIV coinfected patients face challenges to HCV therapy because of the medical priority of controlling HIV-viral load [19] . Because HCV/HIV coinfection is prevalent in Blacks, it is cited as a reason for low rates of HCV drug use in Blacks [11] . Yet, little is known whether access to HCV drugs is equal across racial groups for patients with cirrhosis or HCV/HIV coinfection.
Looking at this issue in Medicare is important because Medicare paid for about half of new HCV drug Bpills^in 2014 and 2015 [20] . This is because many baby boomersthe group with highest prevalence of HCV-are enrolled in Medicare. Spending on HCV drugs in Medicare Part D jumped from $283 million in 2013 to $4.5 billion in 2014, with spending on Sovaldi alone exceeding $3 billion in 2014 [21] . Medicare Part D also covers outpatient prescription drugs for beneficiaries who are dually eligible for Medicare and Medicaid. HCV infection is prevalent among low-income populations, who are likely to qualify for Medicaid [17, 18] . As more baby boomers join Medicare, the demand for new HCV drugs will increase. Thus, identifying racial disparities in the first year of new HCV drug use in Medicare can offer an opportunity to improve equitable access to those drugs.
Study Population and Data
The study population was Medicare Fee-For-Service (FFS) beneficiaries who had chronic hepatitis C in 2013 or 2014 and who were enrolled in Part D for all of 2014. We requested that the Centers for Medicare and Medicaid Services (CMS) identify patients with hepatitis C using 100% of Medicare claims for FFS beneficiaries based on International Classification of Diseases, Ninth Revision, Clinical Modification (ICD-9-CM) diagnosis codes 070.44, 070.54, 070.70, and 070.71. 1 A confirmed diagnosis requires having at least one inpatient or skilled nursing facility claim or at least two claims for outpatient visits in a given year.
2 This is the standard algorithm used by CMS to identify patients with any condition indicators in the Medicare Chronic Condition Warehouse data [22] . We received Part D data and Beneficiary Summary Files for FFS patients with hepatitis C.
We focused on three racial groups: non-Hispanic Whites, Blacks, and Hispanics. 3 Those with unknown race (2.5%) and Asians (<2.5%) were excluded from the study. We excluded beneficiaries who enrolled in Medicare Advantage (MA) plans because claims data are not available for them.
The primary data source is the 2014 Medicare Part D Prescription Drug Event (PDE) file, which contains records on each prescription drug fill by Medicare Part D enrollees, including National Drug Code, date of fill, days supplied, and payment. We augmented PDE files with the Part D Plan Characteristics and Formulary Files to obtain information on plan attributes and utilization management tools applied to HCV drugs. Master Beneficiary Summary Files (MBSF) provided each beneficiary's demographic characteristics, residence (ZIP), and chronic or other potentially disabling condition indicators. HIV infection, a key variable of the study, is one of the disabling conditions identified by CMS and its indicator is included in MBSF. 4 Finally, we acquired ZIPlevel income and percent college education from the 2010 American Community Survey, and used county-level urban/ rural information from Area Health Resource File (AHRF).
Measures and Analysis
We first calculated uptake rates of new HCV drugs in each month to track uptake trends by month in 2014. Two new HCV drugs were available in 2014: sofosbuvir (Sovaldi) and 1 We did not have access to the 100% files. CMS provides researchers with the minimum data sets that are necessary for a proposed study. Specific data files searched by CMS are Inpatient Standard Analytic File (SAF), Skilled Nursing Facility SAF, Hospital Outpatient (OP) file, and Carrier file (that includes claims on non-institutional provider care such as physician office visits). 2 Counting cases with one outpatient claim might include patients who used only a diagnostic service and did not have hepatitis infection. 3 We focused on Black and Hispanic racial/ethnic minority groups because HCV treatments are particularly important to these two groups. As described earlier, Blacks have higher rates of HCV/HIV coinfection, which creates challenges to HCV treatment, than other races. They also have had lower rates of HCV treatments than others. Hispanics have higher rates of cirrhosis than other races. Patients with cirrhosis, the most advanced form of fibrosis, have high priority for HCV treatment. 4 lediparsir/sofosbuvir (Harvoni). 5 Monthly uptake is the percent of patients who had their first fill of any new HCV drug in the month among those who had been diagnosed before that month but had not received any new HCV drug until the month. After filling the first prescription for a new HCV drug, patients were excluded from calculating uptake rates in the following months.
Next, we compared annual uptake rates by race separately for patients with and without cirrhosis, 6 and patients with and without HIV coinfection. In the sub-group analysis by the presence of cirrhosis, HCV/HIV coinfection was used as a covariate, and vice versa. We constructed an indicator of uptake of new HCV drugs for each individual as having at least one fill of the new drugs in 2014. We used logistic regressions to obtain odds ratios on covariates. All logistic regressions include random intercept effects for each plan to adjust for plan-to-plan variability in uptake of new HCV drugs. This accounts for possible correlation among enrollees within the same plan, and thus standard errors of the regression estimates were adjusted for clustering within plans.
Covariates The regression analysis controlled for factors affecting receipt of new HCV drugs. We categorized those factors based on variation at patient, plan, and local-area levels. Patient characteristics were age, gender, health risk, and Part D low-income subsidy (LIS) status. Prior literature shows that gender and age are important predictors of receipt of HCV treatments [16] . LIS enrollees receive assistance in paying for Part D cost sharing, which is likely to increase access to new HCV drugs. Patients in poorer health are generally high users of health services; however, they may not initiate a treatment if they face competing demands for services to treat other comorbidities [23] [24] [25] . We used indicators for eight health-risk factors (diabetes, hypertension, ischemic heart disease, hyperlipidemia, congestive heart failure, depression, cataract, and COPD) that are common in the study population and usually require prescription drug treatments. We also included the total number of chronic conditions up to 27 included in MBSF [26] to capture patients' health risk that is not measured by the individual risk factors.
We controlled for two plan attributes: enhanced benefits (more generous than the standard Part D benefits) and coverage for the gap. Both are likely to improve access to new HCV drugs. Being in a plan with a deductible or applying prior authorization to new HCV drugs is a potential deterrent to receiving new HCV drugs.
Finally, we captured socioeconomic status at the local-area (ZIP) level with income and percent college education. We also used urban/rural and census region variables to control for unmeasured differences in regional environments influencing utilization of new HCV drugs.
Adjusted Differences in Annual Uptake
We calculated adjusted differences in annual uptake by race based on the results from the logistic analyses. This allows us to measure the race effect on the probability of receiving a new HCV drug. Specifically, we calculated the predicted probability of using a new HCV drug for each race group as 1 1þe −Xβ , where X is a vector of covariates and β are the coefficients (logit estimates) on covariates. 7 This predicted probability depends on the values of covariates for each individual. We used the mean values of all other covariates except race, and then Bturned onô r Bturned off^the racial indicators to calculate adjusted differences in uptake rates across race groups. 8 We also obtained adjusted differences in uptake across other covariates to assess the effect of each covariate on uptake rates.
Robustness Check
As a sensitivity analysis, we estimated the logit model for LIS enrollees, who make up 80% of HCV patients in Medicare, to assess whether the results are robust after controlling for patients' ability to pay for new HCV drugs. Due to subsidies from Medicare Part D, LIS enrollees paid on average $22 for a course of new HCV treatment in 2014. Table 1 describes characteristics of the study population by race. The mean age was 59-60 in all races. Blacks were less likely to have cirrhosis but were more likely to be HCV/HIV coinfected, compared with Whites or Hispanics. Blacks also had more chronic conditions and were more likely to be LIS enrollees than Whites or Hispanics. Figure 1 shows monthly uptake of new HCV drugs in 2014 by race among patients with cirrhosis. On average, 2.35-2.40% of Whites or Hispanics initiated a new HCV treatment each month in early 2014, while 1.64% of Black patients did so. This disparity continued but became smaller in the last 2 months of the year, when on average 3.15% of White patients and 2.67% of Black patients used new HCV treatments each month. The racial gap in uptake in patients without cirrhosis was narrower than that in patients with cirrhosis, and it almost closed toward the end of the year. Sub-group analysis 5 There is no difference in indications or contraindications between these two drugs. Sovaldi is used with a combination of peginferon plus ribavirin, ribavirin only, or simeprevir (Olysio). Harvoni is newer than Sovaldi and improves on Sovaldi by eliminating the need for a combination therapy. 6 Cirrhosis may be caused by other reasons than HCV infection. However, in the study population of HCV patients, cirrhosis is likely due to HCV infection. 7 Logit model fits log odds ratio ð Þ¼log
Results
where P(Y = 1) is the probability of using a new HCV drug. Thus, odds ratio=
by HIV coinfection showed similar patterns ( Fig. 2) : the racial disparity among patients with HCV/HIV coinfection became much smaller but persisted at the end of year, while it almost disappeared among those with HCV infection only. Figure 3 presents unadjusted annual uptake rates of new HCV drugs in 2014 by race. Uptake rates among patients with cirrhosis were 23.4% for Whites, 18.1% for Blacks, and 22.1% for Hispanics. Blacks also had the lowest uptake rates among patients with HCV/HIV coinfection (12.9%), versus 17.3% in Whites and 19.6% in Hispanics. Differences in uptake between White and Black patients without cirrhosis or HCV/HIV coinfection were relatively small. Table 2 presents estimates of racial differences in annual uptake. After adjusting for covariates, the odds of using a new HCV drug were 11% lower for Black patients with cirrhosis than Whites (odds ratio (OR) = 0.89; 95% confidence interval (CI), 0.84-0.95), and 19% lower for Blacks with HCV/HIV coinfection than Whites (OR = 0.81; 95% CI, 0.72-0.92).
The adjusted difference in annual uptake (based on the mean values of all other covariates) between Blacks and Whites was 1.8 percentage points for patients with cirrhosis, and 2.6 percentage points for patients with HCV/HIV coinfection (Appendix Tables 4 and 5 ). We found no significant differences in adjusted uptake rates between Whites and Blacks for patients without cirrhosis or HCV infection only. The adjusted differences in uptake between Whites and Hispanics were all insignificant.
Cirrhosis had a large positive association with receiving new HCV drugs (OR = 2.37; 95% CI, 2.13-2.65 among patients with HCV/HIV coinfection, and OR = 2.44; 95% CI, 2.34-2.54 among patients with HCV infection only). Chronic conditions were negatively related to receipt of new HCV drugs in all analyses, but the effects of individual chronic conditions were mixed depending on condition and analysis. Residing in urban areas had a positive association with new HCV drug use for patients with cirrhosis or HCV/HIV coinfection. Being in plans with generous drug benefits was positively associated with use of new HCV drugs. Next, we calculated adjusted differences in annual uptake across covariate groups (Appendix Tables 4 and 5 ). Patients with cirrhosis had a higher uptake rate than those without cirrhosis by 11 percentage points-a large difference that would lead to a clinically significant impact. The gender effect was significant but small-a 0.6 percentage point difference between male and female patients with HCV infection only. This effect is unlikely to be clinically meaningful. Being in a plan with generous benefits (enhanced plan) increased the probability of using a new HCV drug by 2-3 percentage points. These results imply that certain factors, such as cirrhosis or plan benefits, had clinically meaningful effects on new HCV drug use. Table 3 reports results on racial-ethnic variables from logistic regressions of LIS enrollees only. Patterns of racial/ ethnic disparities in uptake of new HCV drugs for LIS enrollees are very similar to the entire population (Appendix Tables 6 and 7 report full regression results).
Discussions
Black Medicare Part D enrollees with cirrhosis or HCV/HIV coinfection were less likely to use new HCV drugs than White enrollees. Racial-ethnic disparities in use of medical care are not new. However, our finding raises a new concern that Blacks face larger access barriers to innovative new HCV drugs than others, particularly among patients with cirrhosis or HCV/HIV coinfection in Medicare. Medical factors, such as high prevalence of HCV/HIV coinfection, do not fully explain racial differences in use of HCV treatments. Finally, similar results from the analysis of LIS enrollees imply that financial affordability does not explain the difference in new HCV drug uptake between Blacks and Whites.
A potential explanation for our results is that Black patients may not be as active in seeking new treatments or that providers may not be as active in recommending new treatments to Black patients because of their poor experience with earlier HCV treatments. Another possible explanation is that payers use prior authorization for new HCV drugs due to the high prices of the drugs [17, 18, 27] . These tools-such as requiring that the drug be prescribed by a specialist and having control of HIV viral load when coinfected with HIV-may have disproportionally affected Black patients, who may be less engaged with the health care system [28] restrictive coverage for new HCV drugs has been an ongoing concern, its potential impacts on disparities in uptake of the new drugs have not been assessed. Examining that possibility or exploring reasons for differences in uptake of new HCV drugs across races was not part of our study aims, but it is an important topic to pursue in future research. We analyzed uptake of new HCV drugs during the first year of use (2014), when sofosbuvir (Sovaldi) was the dominant HCV drug. Sofosbuvir (Sovaldi) was used in combination with other drugs. Our monthly uptake data indicated that racial disparities became smaller during the year in 2014. This is probably due to the launch of ledipasvir/sofosbuvir (Harvoni), which does not require other concurrent therapy, in late 2014. Complexity of treatments is cited as a potential contributor to variation in HCV drug use across races [11] . The availability of newer HCV drugs that can be used alone could potentially reduce racial/ethnic gaps in receipt of HCV treatments. While our finding of a trend in the first year of new HCV drug use is only suggestive, it shows that racial gaps in HCV drug use can be closed. As data for more recent years become available, future work should assess how disparities in use of new HCV drugs change over the years.
Recently, the VA and a few state governments have expanded coverage for new HCV drugs to all infected people with no restrictions [29, 30] . This decision is encouraging and important. It will be critical, as coverage expands, to assess changes in patterns of utilization across patient groups, identify reasons for any access barriers, and develop policies to ensure equitable access and uptake of innovative drugs.
Our study has a few limitations. Medicare claims data lack detailed clinical information. Thus, we could not identify viral responses, which would determine cure rates and genotype. We were also unable to control for patients' substance use status, a predictor of receiving HCV treatments. However, use of a large claims data set allowed us to identify patterns of racial-ethnic disparities by patients' health-risk factors, such as HCV/HIV coinfection. Finally, we used 2014 data only from Medicare fee-for-service enrollees with Part D coverage. The findings may not generalize to more recent years or to enrollees in Medicare Advantage (MA) plans.
Despite these limitations, we are the first to report racial disparities in uptake of novel but costly new HCV drugs in Medicare. Black patients with cirrhosis or HCV/HIV coinfection had lower uptake rates than Whites in 2014, although the gap in monthly uptake became narrower toward the end of the year. As utilization of new HCV drugs increases, continuing efforts are necessary to ensure equal delivery of the drugs across all patient groups.
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